Abstract -This paper presents a set of smart gloves to be used for natural interactions with therapeutic serious games for upper limb rehabilitation. These games provide to the patients with motor impairments the possibility to perform exercises in a highly interactive way based on different VR scenarios. The system is composed by a set of software tools that support the collection and processing of data as so as a set of highly interactive therapeutic games to include in hand and finger rehabilitation session exercises. The acquired data help the physiotherapist to evaluate the patients' performance throughout the different physical activities during a rehabilitation session. The data acquisition is fulfilled by an Arduino Nano computation platform connected to the analog measurement channels materialized by piezo-resistive force sensors. The data communication between the smart sensors and the VR computation platform is performed using Bluetooth wireless communication protocol. Some metrics associated with the upper limb training were also developed to evaluate the patient motion during the training session. Several tests and experimental results are included in the paper.
I. INTRODUCTION
From a few decades to this part, the main sociodemographic trends are defined by the increase of the percentage of population living in the cities as well as the aging of the population itself. According to some studies, by 2050, the number of elderly people on the planet will exceed that of young people for the first time in human history [1] , and about 70% of the world population is expected to reside in urban areas [2] . These trends make necessary to integrate new technologies and innovative solutions that respond to new environmental, social and health challenges in order to offer new services that can optimize the quality of life cities.
The Internet of Things (IoT) is a contemporary technology with a great development in the century XXI to be part of new healthcare services that will improve quality of life and reduce the costs. The tendency to assure IoT compatibility of the medical devices improves the quality and effectiveness of the service, assuring continuous healthcare monitoring of elderly, patients and patients with chronic disease. The latest developments in wireless sensors networks and cloud technology are providing solutions that can transform our cities into more connected, sustainable and collaborative environments. Recently, wearable devices are emerging and forming a new concept -Wearable IoT (WIoT) because of its ability to detect, transmit and analyze the data. Some development platforms, like Kaa Project [3] have emerged to complements wearable technology with superb ready-to-use IoT functions and applications. The next generations of WIoT promise to revolutionize the healthcare industry, where individuals are easily monitored by portable sensors for personalized health and wellness information -vital body parameters, physical activity, behavior and other critical parameters that affect the quality of everyday life [4] . These technologies are designed to provide better physiotherapist/patient communication, to deliver more efficient care and enable remote patient monitoring as part of independent living solutions.
A objective evaluation based on the measurement of motor activity parameters, especially the functionality of the upper and lower limbs during the rehabilitation period, offers the possibility to increase patients' motivation through adequate feedback and also provides data associated with the physical rehabilitation reports that can be used as the starting point for improved communication between physiotherapists and rehabilitation procedures implemented, but also to improve communication between the physiotherapist and the user of rehabilitation services. Good therapeutic communication may imply a greater ability to obtain valid informed consent, positive clinical outcomes, higher levels of patient satisfaction, higher levels of patients' compliance with rehabilitation programs, lower levels of patient frustration [5] .
On the other hand, the health community has shown a great interest in therapeutic approaches based on computer therapeutic games. The concept of therapeutic games refers to the use of computer games without the primary purpose of providing pure entertainment [6] . Virtual reality (VR) implementation for training exercises in physiotherapy interventions has shown important advantages both as technique for objective assessment of treatment as well for engagement of patient in healthcare process [7] . According to the experience described [8] , the integration of VR technology with therapeutic games provides greater motivation and more motivation during its rehabilitation activities.
In order to bring these technologies closer to the Health and Physical Rehabilitation Industry, several studies were carried out. In [9] , the authors presented the initial design of a low-cost hardware and software platform developed with the integration of a user-friendly graphical user interface (GUI) which facilitates the real-time acquisition of ground reaction force, acceleration and direction of feet, and automatic detection representation of gait impairments. The authors focused their efforts on studying and developing a hardware and software system capable of evaluating the gait process of a human being. They use a prototype of a shoe, equipped with sensors for strength, direction and acceleration, as well as a Bluetooth transceiver of very low consumption. The data coming from the star topology implemented with two end nodes and a coordinator characterized by XBee Wireless communication and USB port connected to a host Laptop computer connected to the internet are processed to extract information about normal and abnormal gait.
Carvalho et al presents in [10] an overview of the technologies and results of integration and testing of e-textile sensors monitoring of biological signals (ECGelectrocardiogram and EMG -electromyography) and environmental conditions (humidity). A seamless jacquard sewing machine was used to integrate these sensors. The integration of the elements (sensors and connections) in the Clothing presents great advantages assuring physical comfort and the psychological comfort of the user.
In [11] are presented a computer therapeutic game structure using a natural user interface (NUI) Kinnect. The platform provides to the user a set of 3D Virtual Reality (VR) scenarios for upper limb rehabilitation. Several metrics are calculated to extract information about the training outcome. Measurements are carried out using a set of portable inertial measurement units (IMUs) attached to the upper limbs. The framework is designed to be part of a remote physiotherapy service that can improve the physical rehabilitation process. In [12] an identical system is presented that uses a Kinnect Natural User Interface, with a set of therapeutic games focused on performing physical rehabilitation exercises, both upper and lower limbs.
The work intends to create new type of user interaction during training based on Therapeutic Games. Two smart gloves that include IMU and force sensors were developed to be used for the interactions with the serious games scenarios for upper limb rehabilitation. These wearable devices equipped with smart sensors, are connected to a user-friendly graphical interface (connected to a Cloud database). The smart gloves provide the applied forces measurement during the rehabilitation of hands and fingers. In parallel, the doctor responsible for the physiotherapeutic session can formulate a more assertive and correct diagnosis about the patient's condition and its evolution, with the data extracted from the patient's use of the platform.
II. SYSTEM DESCRIPTION
The system architecture includes a low-cost hardware and software including a set of software tools, highly interactive therapeutic games supported by wearable smart sensors and virtual reality. It materializes a natural interface technology for the physical rehabilitation of hands and fingers, applied to users characterized by physical and motor limitations. The system also includes a headband based on same electronic circuit for measuring rotation angles of the head with the aim of integrating the patient into a First-Person Controller during the exercises of the therapeutic games.
This system intends to present new metrics to assess the patient's rehabilitation status and to improve their physical performance complementing the traditional rehabilitation systems in the physiotherapy area. The system block diagram is presented in Figure 1 . -The Sensor Layer is composed of the IMUs (MPU-9250) and the analog sensors (FlexSensors 2.2" and FlexiForce A201) applied to both gloves.
-The Edge Layer, composed of Arduino Nano microcontrollers, after calibration, acquires IMU data, through I²C (Inter-Integrated Circuit) and analog sensors through the AnalogRead method. This data is sent by Bluetooth protocol to Gaming Platform Layer.
-Data generated by the Game itself, that is, scores, angles of movement, or feedback force fingers as well as those that arrive at the Gaming Platform Layer, via Bluetooth are processed and saved on the Internet, in a cloud server in the Cloud Database Layer. This process requires a Wi-Fi or Ethernet connection.
-The Cloud Database Layer will store all data, from the user profile accounts created by the Admin 'system or by the medical staff in the Mobile Application, as well as all exercise monitoring data from the Gaming Platform.
-To access the Game profile, for each patient, there will be a Mobile App Layer, responsible for performing profile validation on the Gaming Platform, through a unique QR Code generated, for each patient. This QR Code will contain all the information necessary to configure the Game and the parameters to be evaluated by the physiotherapist in each training session. This Layer will be responsible for the analysis, processing and visualization of all the data. This process requires a bidirectional Wi-Fi, 3G or 4G connection.
A. Hardware -Smart Gloves
The data acquisition is performed using Arduino Nano microcontroller due to its higher autonomy (approximately 60 mAh) and reduced dimensions (approximately 20mm x 35mm).
SparkFun MPU-9250 IMU Breakout was used as the system IMU. It combines two chips: the MPU-6500, which contains a 3-axis gyroscope as well as a 3-axis accelerometer, and the AK8963, which features a 3-axis magnetometer. The MPU-9250 uses 16-bit analog-to-digital converters (ADCs) for digitizing all 9 axes [13] . By merging the data from these sensors, you can obtain reliable values for the rotational movements of the real objects by entering those values in the actions on the virtual objects.
The acquisition of the information associated with the applied force on objects, during the fingers' movements is based on a set of sensors Flexi Force A201 [14] that is included in the system. The sensors are mounted on the glove level, one for each finger. The finger flexion and compression is extracted using Flex Sensors 2.2" [15] are used, also one for each finger. During the game, the finger angular values and tips finger force are visualized on the VR developed in Unity 3D. To be able to read 10 analog output sensors using Arduino Nano platform, a time multiplexing is performed on each of the analogue input, so that it is possible to obtain reliable readings of the two analog sensors associated to each finger using a single analog input channel.
Data acquired from the sensors are primary processed and sent through Bluetooth using a HC-05 module previously configured as a slave, to a COM serial port of the client platform where the Serious Therapy Game developed in Unity 3D runs. Figure 3 shows the set of sensors that are used for each glove. 
B. Serious Game Desciption
With the goal of making physiotherapy exercises more accessible and highly interactive with the user, several Virtual Reality scenarios for the Gaming Platform are designed. Thus, the implemented system permits to animate an Avatar using a First-Person Controller. This controller method allows the game scene Camera to be placed in the position of the Avatar's eyes. On Classic PC Games, that use First-Person Controller this player construction process is usually used with the mouse cursor, where the rotation inputs of the Avatar are generated by the cursor movements. To avoid using the mouse cursor during the game, we will use an electric circuit like the one used in the gloves, which will not include analog sensors, just an IMU. A headband will be responsible for collecting the head rotation value of the patient, which will be used as the rotation input of the player's avatar head.
The process of serial ports reading within the game software is done with threads, as the system reads data from 3 different devices (2 devices of the smart gloves) 1 device mounted on the head at the same time, allowing a fluid interaction with the Virtual environment. Figure 5 shows one scene of the Game. Unity 3D. In this Game is possible grab some objects like balls and pick up objects, and place it on a specific box or throwing to cans or cups. In real-time, we can see the feedback force, on coloured corner bars.
The data obtained from the game platform are submitted to a remote server database. At the end of the session, the data results are sent to the server at same way, and processed to extract values of training effectiveness.
The physiotherapist has the possibility to monitor the results obtained by the patient during the training based on serious game extracting information about the upper limb motor capabilities.
III. EMBEDDED SOFTWARE
The usage of MEMS IMU [16] including accelerometers, gyroscopes and magnetometers can be used to obtain accurate measurements through sensor fusion algorithms. MEMS IMUs are vulnerable to various kinds of noise and errors. Accelerometers are extremely sensitive to attitude changing and impact forces while gyroscopes are sensitive to temperature changes and suffer from a slow-changing bias. To summarize, accelerometers have poor dynamic features and gyroscopes have poor static features. Therefore, an Attitude and Heading Reference System (AHRS) algorithm is needed to fuse the data from different sensors to overcome the drawbacks of each of them and take the most reliable part from them respectively to give a best prediction of the sensor actual status.
AHRS algorithm is the foundation of position estimation [17] because gravity must be removed completely from the accelerometer to get linear acceleration. Only then can the integration be done without being concerned about the drift. Otherwise small errors in the measurement of acceleration are integrated into progressively larger errors in velocity, which are compounded into still greater errors in position. Since the new position is calculated from the previous calculated position and the measured acceleration and angular velocity, these errors accumulate roughly proportionally to the time since the initial position was input.
Like the accelerometer, gyroscope also has the integration drift problem-small errors in the measurements are dramatically amplified by integration over time. However, gyroscopes suffer from another kind of drift. Gyroscopes are sensitive to changes in temperature, which brings about slow-changing deviations just like integration drift did for the accelerometer [18] .
The first thing needed is the roll and pitch information. The convention used, if the device is an aircraft for example, then the x-axis points forward from the nose as seen by the pilot, the y-axis points out along the right-wing and the z-axis points straight down. So, a positive roll angle means that the rightwing rolls down, a positive pitch angle means that the nose points up and a positive yaw angle means that the nose rotates towards the right.
In this case, for the implementation of an AHRS algorithm, we base the sketches in the available libraries for a set of many IMUs at richardstechnotes' github, RTIMULib-Arduino [19] and kriswiner' github library [20] . These libraries support the correction of arbitrary, non-standard, coordinate axis-aligned IMU orientations. However, it is very often true that an installation of an IMU in any device characterized by a few degrees offsets on each axis. The correction is done using quaternions. Tilt compensation is required because the magnetometer reads the magnetic field in the orientation of the object where it is mounted, while the required measurements are in the horizontal plane.
By utilizing the accelerometer output, rotation around the X-axis (roll) and around the Y-axis (pitch) can be calculated. If Accel_X, Accel_Y, and Accel_Z are accelerometer measurements in the X-, Y-and Z-axes respectively, equations 1 and 2 show how to calculate the pitch and roll angles (in radians):
(1) (2) In order to measure rotation around the Z-axis (yaw), the other sensors need to be incorporated with the accelerometer. The following flow chart shows how it's do it using quaternions. The first part of the Scheme [ Fig. 6 .] creates a quaternion q representing the roll and the pitch -all that stuff with sin and cos is how you create a quaternion from Euler angles (yaw is always 0 for this purpose so this code has been optimized to reflect that). Next, the magnetometer vector is placed in a quaternion, ready to be tilt compensated. In the line before the last, the magnetometer information is rotated by the quaternion from the roll and the pitch and becomes the tilt-compensated version (that is, the values you would get if the magnetometer were perfectly horizontal). Lastly standard way of generating yaw value is done from tilt-compensated magnetometer readings. Using the same principle, it is then possible to calculate the Linear Acceleration (or residual, without gravity component). The snippet code above [1.] taken from [19] shows how to calculate Linear Acceleration using quaternions.
The double integration of residual accelerations with respect to time to give a change in position, its simple in principle, but is not like that. Accelerations can be mathematically integrated once to obtain velocity and twice to obtain changes in position. Only the accelerations due to effective hand motion must be integrated. Since the accelerometer provides a combination of accelerations due to motion, gravity and error, it becomes necessary to separate these acceleration components. Errors in measured accelerations can be deterministic (bias, scale factor and axis misalignment) and/or random errors. Such errors propagate through the integration process, causing a considerable drift in estimated positions. Owing to drift error, position estimation cannot be performed with adequate accuracy for periods longer than few seconds.
IV. RESULTS AND DISCUSSIONS
The preliminary tests with the serious game implemented were performed in an ISCTE-IUL classroom with two young male healthy volunteers (25 years, 26 years), height (1.78 m and 1.75 m), respectively. For the "Cans Down Game" from Unity 3D platform it is possible to grab virtual objects (tennis balls) and toss them towards the stack of cans. To perform this test, we will only consider the data collected from the glove for the right hand, because the prototype is still in development. The results obtained are presented in the following charts: The exercise of participant 1 lasted for 85 seconds. Through the charts presented in Fig. 7 , it is possible to observe, through the Euler angles variations that 7 attempts were made to strike the virtual balls, as there were peaks in the Pitch value. It is also possible to observe all the variations of Linear Acceleration in the 3 Cartesian components, where there is a greater variation in the Z-axis. The Flexi Force readings allows us to observe all the forces applied at the tips of each finger, in the movements of opening and closing the hand, where it can be verified that Index Finger was the one that captured higher values during the exercise. This value is estimated for a range of 0-100 lbs. The Flex Sensor readings chart allows us to visualize all the angular flexures performed during the exercise, the values being estimated for a range of 0-90 degrees. // now adjust the measured accel and change the signs to make // sense realAccel.setX(-(imu->getAccel().x() -rotatedGravity.x())); realAccel.setY(-(imu->getAccel().y() -rotatedGravity.y())); realAccel.setZ(-(imu->getAccel().z() -rotatedGravity.z())); } } Fig. 8 presents the exercise performed by participant 2 (103  seconds duration) . The charts present the Euler angles variations for 6 attempts that were made to strike the virtual balls, highlighted by the evolution of Pitch value.
In both tests it was verified that the reading value collected from the FlexSensor, referring to the pinkie finger is practically null because the sensor has been damaged. In the future will be considered the replacement of it.
Based on data associated with serious game session the physiotherapist will be able to have a better insight in how patients are progressing during sessions performed at home or in clinics, and they can perform a better evaluation of motor capability status of their patients adapting the physical rehabilitation plan to the patient needs.
V. CONCLUSIONS AND FUTURE WORK
The main purpose of this paper is to describe a serious therapeutic gaming system that combines wearable sensors and VR scenarios. The used technology for the VR component was Unity 3D different tests being carried out. The developed system, is characterized by an IoT architecture including force and IMU sensors deployed on the glove and connected to a microcontroller as edge computation platform. The system allows to evaluate the movements of the hands and fingers in real time, providing information to the physiotherapist about the correct execution of the exercises. Using this system, the physiotherapist can follow the patient during the prescribed training plan for days, weeks or months. Taking into account the recorded data associated with the patients the data analytics can be applied to extract the rehabilitation model and to predict the rehabilitation outcome.
The mobility characteristics of the system allows the patient to stay in his home and to perform the exercises proposed by the physiotherapist. Easy installation of the system and calibration of the device by non-specialists for use in a non-clinical environment, make this solution suitable for use at home. Patients feel psychologically better in their own environment and also the speed of rehabilitation is improved.
The future work is expressed by the possibility to apply Big Data Analysis for the data obtained with developed system and to develop a set of personalized rehabilitation models. In addition, an improvement of the own Virtual environments would make the exercises even more interactive for those who use the system. New games for lower limb rehabilitation will be considered in the future.
